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ABSTRACT 

The Vanguard sequence diagram is introduced as 
a means of graphically presenting the operation of 
complex systems. This diagram represents system 
components and their changing states as they Interact 
sequentially. Thus it shows at a glance the state of 
every coniponent at any instant in a nojoiinal operation 
of the system, as well as all the events occurring at 
any instant and the components involved in each event. 

The utility of the sequence diagram Is discussed 
and various ajn>lications are suggested* Hie method 
of interpreting the diagram is explained and illus« 
trated in a simple example. To demonstrate a com- 
plete application, the con4>lete nominal flight operation 
of the first Project Vanguard rocket test vehicle is 
presented as an appendix, in kx>th sequence diagram 
and conventional narrative forms* ^ 



PROBLBll STATUS 

niisisan interim report on one phase of the 
problem; work is continuing. 



AUTHORIZATIOK 
NRL Problem A02-85 
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PROJKT VANGUARD REPORT NO. 31 

THE VANGUARO SEQUENCE DIAGRAM* A GRAPHICAL METHOD 
or PRESENTING COMPLEX SYSTEM OPERATION 



INTROOUCTDN 

Tilt frowliif used for a aMUS of grspl^leally prestnting tlw openllon of a coipplM 
dtrics In vtileh a pre-detarmliiad Mquaiiea of amts oeairs has lad to ths dftyOopmrnA 
of tht Vanguard aaquanee diagraiiu This diagram has a wide uUltty to personnel In all 
a^ieets of programs concerned witb complex eeguenced devicea, aueh an miaailes. 

Hie aample aeqaenee diagram presented in Appmidix A repreaente Project Vanguard's 
toitial RDCket Teat Vehicle, TV-0 (Viking 19). A diagram lor the aatellite launching irehicle 
ia in preparation and will be the ai^ect of a later report. 

nia paper will present a apecif ic application of the sequence diagram to a rocket- 
powered vehicle, stabilised and directed by internal controla components, and will depict 
graphically the varioua states which eaist during the nominal launching program. In 
aiM ttlffn, a briif nomenclature ia included to identify the conqxment states and functions. 



SCOPE OP TBE UAORAM AND DBflNITlQNS 
Tlie seguence diagram can relate the following: 

1. Hie number of giiren states In wiiieh a coxnponent functiona and the relative 
sequence of these itates.* 

2. The immediate cauee and any neceaaary conditi on a for a component changing its 
state, and the lauDedlate effect, if any, of the change on other components. 

3. The means by which one component in changing its state affecta another; e.g., by 
an electrical current, mechanical liidnge, combustion process, etc. 

4. The muidtier of components involved, and the number of discrete events that must 
occur, In order to proceed from one point hi a nominal program to a subsequent point; 
this provides an Indea of eomplesity fbr comparing various phases of the pfogram. 

Tbe foUowiag three terms are need with ^piecial slgitfiranre relative to the sequence 
diagram: 

Component: 

As dif ined here, a component may be removed from a qrstem or assembly in the 
vehicle, but is not generally subject to further disaasembly. Exan^ples of con^ponents are: 
a r^ay, a gyro, or an autopilot amplifier channeL Each component is aaaigned a qmce 
runnhig horlsontally across the sequence diagram, with the name of the component at the 
left margin. 

*A coinpl«ts dsscriptioB of a componeat and its mods of functioains in «ev«ral ststss, 
including Um nature of trsaoitioaa botwsen tutost csn bo givn on susdliary componmnt 
iaformatioii ohootf. 
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Conponmit State; 

Die compomnt state U a particular eondlftkm of tha oonpoMiit, generally a eteady- 
etate eondttion, charaeterlied the eonponeitf a poattkm, operatkn, iniwt, oulput, ate. 
SjouBplea of Component States are: lor a two«posltlon switch, off or on; lor a fas gener- 
ator, generathig or not generating; for a propeUant tank, vented, pressurised, or siwly* 
Ing propellent. 

In the sequence diagram a conqxment state is indicated by a bar placed in the hori- 
zontal spaces assigned to the components. Suitable nomenclature to Identify the state 
and transitions in state is included within the bar. 

Kvent; 

An Kvent Is generally characteriaed by a change in state cf one or more components 
at a potait In time. Son» of these are canning changea; othera are effected changes. 

In the sequence diagram an event is indicated by a vertical line along which qrmbols 
are placed to differentiate cause, effect, and necessary conditions. 



UnUTTOP THB OIAOiUll 

Tlie s eq uen ce diagram, as a mesne of relating information about aystesBS operation, 
may have many areas of application. Several general and specific eiamples are: 

1. Studies toward increasing overall reliability through redesign. 

Reliability improveaMut studies may generally proceed along one or more of the 
following linea: 

a. Increased component reliability. 

b. Decreased complexity through reduction of the number of * eeriee* 
components an^or events. 

c. R^OacemmUctf'seriee* operation with 'parallel* operation; ttie 
'redandaacy* ocmeept* 

The aaasler seq a e nce dfnsnaa has ntlllfy as a «worfK-sheetf hi programs that utilise 
Unes of approach b and c, pr e s en tin g directly a list of components and their modes of 
hiteractlon, Le., the overall eoaBptaslly, and nnmber of series and parallel operatkma 
involved. 

2. Fhcilitatlng the hiterpretatlon of wiring diagrams, propulaion system layouts, etc. 

Uahig the seqaence dhigram to eatabliah the eequentlal operation of a system aaaists 
in the hiterpretnUoo ct other schematic presentatkme which may, by themselvee, require 
tedlotts stn4r to devehy an overall grasp cf operatlona. The ma^ point here la that the 
slate of every co aip on eH t can be deterarined from the aequence diagram at any pohit In an 
opmttog seqaenca, A wiring dlngram cannot give thla tarfbrmatlon unless rd^ are 
0ven a «eelnl code for order of ope r a t ion, ele., nn awkward procedure at beet In tte cans 
ofaeompiessfstoak 

3. Basic famiUarisation with a rochat-powered vehicle and ita conetituent aystems. 

Once an hidivhhml has beooaae fiunlUar with e e q n e n ce diagra m concept and its 
ipechd nonMnclalure and ayadbollaa^ he am gahi a wovUag 
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Of an entire vehicle ae well as its constituent systems in a relatively brief perkxL Equip- 
ped with a sequence diagrani« a person otherwise unfamiliar with a system can discuss it 
intelilcently and concern himself with alniost any basic aspect of It 

4. Kvaluation of ground checkout procedures which precede a roelut launching, 
trouUe-shooting, and estimation of the adequacy of telemetering instrumentation for post- 
flight analysis. 

t 5. Electrical load profile for the flight program of a vehicle. 

With the aid of the master sequence diagram and the current requirements for all 
individual components, an electrical load profile can be drawn for both vehicle and ground 
equipment for the entire launeVfllght program, or portions thereof. 



DESCRIPTION AND INTERPRETATIDN 
OF THE DIAGRAM 

The sequence diagram is basically a means of identifying the components of a system 
and their changing states Qioriaontal lines) against events (vertical lines) occurring as 
time progresses (to the right). 



Conyonent and Conyonent fltate 

Indication of Component State 

Ttie representation of a component and its state is illustrated liy the following 
example: 



Valve *A* closed open closed 



From this the following information can be gained: Valve 'A' normally has two states, 
open and closed; it is initially closed, opens for a time and then returns to its closed 
position* 



Transitions in Component State 

Thrust Chamber, II not-firing <!Z firing not-firing 

From this, the following information can be gained: The thrust chamber (second stage), 
initially not-firing, undergoes a transition to its full-firing state. After a time, shut-down 
occurs and it returns to its initial state throu^ another transition, of shorter duration 
than the initial thrust buUd-up. 



Complex Operation 

Main Oxidizer Valve closed < ^ prelim, full open ^ closed 

From this, the following information can be gained: Hie noain oxidizer valve undergE>es a 
transition from its closed position to a preliminary-q;>en position, and thence, after & 
period of preliminary-open operation, through a considerably longer transition to the full- 
open position. Finally, the valve doses through a relatively short transition period. 
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Bvents; Cwset and Effects 

The following ^mboU are used; 

O Indicates a primary causing operation or (derations. 

• Indicates operation or operations effected . 
A Indicates a necessary C(mdition. 

V Indicates an either/or causal relationship. 

• Indicates a control-loop closure, or system feedback point. 

The applicable symbols associated with a single event are tied together with a vertical 
line, termed the event line. 

Examples: 

Operation a causes operation b. 

Operation a causes operation b, provided condition c exists. 

Either operation c 0£ operation b causes operation c. 

Both operations a and b conibined will cause either operation c or 
operation d, as well as operation e, provided condition f exists. 



Time Delay» or Timing Operation 

1 

L.....— . 
I 

the above is interpreted as: 

ftom event 1, a period 0t t eeeonds ensues before evmit 2 occurs. 



y. 

V C 

U d 
O e 
A f 
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illustrauvs sequsnce diagram 

The following is a sample sequence diagram in which the preceeding terminology 
and symbolism are employed to represent a chain of events. Components are shown in 
the left-hand column, and are numbered from top to bottom. Bvents in time proceed to 
the right and are numbered from left to right, indicating their sequence. 

Hie interpretation of this diagram is as follows (numbers in parentheses rrfer to 
eoiqponent identification numbers^ The switch (1) is manually closed, causing Relay # i 
(2) to become energised and self-holding. Provided thst ReUy #2 (8) is de-energized, the 
operation of Relay #1 (2) causes the heater thermosUt (8) to start regulating the heater 
and the pilot valve (6) to open. Opening of the pilot valve (6) causes the main valve {6} to 
open, in a somewhat longer opening period. In opening, the main valve (6) causes its 
position switch (7) to close, energizing Relay #2 (8). This relay operation causes both 
squibs (9) and (10) to begin burning, either of which is capiOjle of causing the igniter {II) 
to start burning. When the igniter (11) bums it breaks its fusible link (12) which in turn 
causes Relay «2 (8) to become de-energised. 



1. Switch 

2. RsUy«l 

3. Heater Thermostat 

4. Beater 

5. Plkyt Valve 
8. Main Valve 

7. Main Valve Positkm flwttch 

8. Relay #2 

9. Squib #1 

10. Squib #2 

11. Igniter 

12. Igniter fusible Iiink 



p (man.) 
^ Closed 

ilZ 



<^ fnsrglsed, — If^hPlding 



Regulating 



O Heating 



^ Open 

*<5 



6 

b open 



1 



Closed 



1 



11 



1 



1 



JKiyid. ^ Pe-energised 

a I 



Burning 



Burning 



1 
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p Burning 
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XS> Broken { 



(12 Components, 11 Cvents) 



Appendix A 



COMPLVn flBQDINCI DIACQUM AMD DMCRIPTION 
OP A VANQUAIID TUT VmCLI 



In the foUowlng pefes, the complete nominal program of an actual large rocket fUgl^ 
will be deicrlbed in both narrative and sequence dlai^mm faihion. Hie master sequence 
diagram will be found inside the back coirer of this report The numbers assigned to the 
wioits components on the sequence dhigram appear In parentheses in the narrative. 



DESCRIPTION CP TBE VimCLK 

Vanguard Test V^icle 0 (TV-0) was the thirteenth Viking Rocket Test Vehicle 
(RTV-N-12b) and was constructed by The Martin Company of Baltimore, Maryland for 
the Naval Research Laboratory. A single-staged vehide, its airframe was a cone-t^iped 
cylinder with four equl-spaced delta-shaped fins at its base (Pigs. Al and A2). A liquid- 
pr<^Uant rocket engine (XUt lO-RM-2) provided a sea-level Uirust of 20,300 pounds for 
a period of 105.9 seconds. The propellants, liqiaid oxygen and ethyl alcohol, were injected 
into the con^stton chamber by a turbopunip driven by the decomposition products of 
highly concentrated h y dr og e n peroxide. A schematic drawing of the propulsion system is 
shown in Pig. AS. 

The vehicle was to have been attitude-stabilised by internal controls until nose-cone 
separation. The trajectory (Pig. A4) was established by timer-controlled precession of 
the vertical gyro about its pitch reference axis. 

Controlling moments about the pitch and yaw axes were provided by the glmbaled 
thrust chamber. Control about the vehicle^s roll axis was obtained throu^ movable 
aerodynamic surfaces at the tips of two opposite fins during those portions of the flight 
when dynamic pressure was sufficient for tab controL At lift-off and at high altitude, a 
reaction jet system siqiplanted the roll tabs. After power plant cut-off reaction Jet control 
about all three axes was employed. 

The instrumented u>se cone, containing tracking and telemetering equipment, was 
designed to be disengaged from the remainder of the vehicle on the descending leg of the 
trajectory. The cone was deslgnsd to wlOistand the stresses of atmospheric re«en^ end 
to be aerodynamlcally stable until Impact 

A small sphere containing a prototype Minltrack transmitter was to be ejected for 
test tracking purposes shortly alter cutoff. 

TV-0 was launched from Cape Canaveral at Patrick Air Porce Base, Plorida, at 
0103 B8T on 8 December 1956. 
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Fig* 3- TV-O propuliion lystem schemAtic diagram (numbers correspond to 
component numbers shown on TV*0 mmster sequence diagram) 



lltlAICN lAtetAYORV 




kabrahvi osKRipnoN of tv-o opbratxmq oquincx 



Flight Power On 

At T*5 minutes in the normal laun ch ing oount«*down, the vehicle electrical ayatem la 
tranaferred from the grcnmd power aupply to the vehicle tiattery (9). The awttching ia 
achieved by momentarily cloaing the 'Power IVanafer* awitch (02) of the blockhouae 
firing atation; thia appUea ground power to the vehicle power atepping relay (1), cauaing 
it to be actuated and mechanically retained in ita energiaing position and tima applying 
vehicle power to the coil oi the main veliide power transfer contactor (2) which in turn 
becomea enercized in the doaed poaition. Ttd» operation diaconnecta the vehicle main 
power bua (10) from ita ground power connection and connecta it to the poaitive terminal 
of the vehicle batt^^ry. In additim, provided that the controla manual awitch (11), ia cloaed^ 
the controla-can bua (12) ia eneri^sed; and provided that the aalety key (13) ia removed 
from ita aocket in the aft section of the vehicle's external conduit, the powerplant Junction 
box bua (14) ia energised. 



Preeauriaation 

At T-90 aeconda the vehide'a oxidiaer tank (42), main peroxide tank (35), and controla 

Sroxide tank (37) are preaaurised. The blockhouse firing atation preaaurixation switch 
4) ia momentarily cloaed cauaing the preaaurixation relay (24) in the vehicle'a power- 
plant Junction box to be actuated and mechanically retained in ita * latched" poaition - 
provided that the f lae aecurity relay (06) ia energised cloaed, indicating continuity through 
the igniter ftiaHile iink (013). Actuation of the preaaurixation relay (24) doea the following: 
ilk) tuma on the vehide'a gaa regulator (31) allowinr ' It to reduce and re^alate the high- 
preaaure gaa wphm (32) eource to approximately 490 pel and auvply gaa to the vehicle 
propulalOQ qratem as required; (b) energiaea the oxidixer tank vent valve'a pilot solenoid 
valve (38) which pneumatlrally cloaea tlie oxidixer tank vent valve (39)( (c) energlsea the 
peroxide tanka* vent valvea* pilot aolenoid valve (33) which pneumatically cloaea the main 
peroxide tank vent valve (34) and the controla peradde vent valve (36^ (d) allowa the 
oxidixer tank pretaure^regulating ayatem (conaiating of a two«poaition preaaure aenaitive 
awitch (40) and a two*aolenoid valve electric regulator (41)) to bring the oxidixer tank (42) 
to, and maintain it at rated preaaure ao that the preaaure in the oxidixer pump inlet line ia 
held within the required limita. 



Fire 

At T-2 aeconda the fire command ia given by cloaing and holding cloaed the fire cut- 
off switch (06) of the btockhonae firii« statkm to the « Fire* poaition. dt ia neceasary that 
the switch be held closed untU the rocket engine begins operatii^.) Provided thst the 
Igniter fuse Unk security roller (06) is energised (closed)^ and that the power aecuritv 
relay (03) ia energixed (cloaed, i n dica t i ng that tiie vehicle'a power at^ing relay (l) ia 
in the energiaing poaition), then the igniter contactor (08) in the remote Junctton atation 
ia energixed (cloaed). Thia providea electrical current through the igniter heatera (OlO) 
which cauaea the igniter (Oil) to commence burning. Aortly thereafter, the igniter's 
fuaible link (012) ia broken by the heat, cauaing the igniter fuae aecurity relay to be 
de^energised (openX Thte, providing the fire cut-off awitch ia atiU being held in the 
*Fire* poattkm and the power aecurity relay ia hi the energixed poaition, cauaea the noae-* 
plug dr^ contactor (08) in the remote Junction atation to become energixed (ctoaed). Thte 
apidtea 36*volt dc power, provided by a special power aupply in the remote Junction atatton, 
to the noae-plog aoleeold (013) cailateg it to actuate and diaconnect the noae plug (014) from 
the vehiete. The dropping of the noae plug breaka tlie circuit continuity of the noae-plug 
aacurtty relay (G7), cauaing it to be de-aaerglaed (open). Tliia, provided that the fire cut- 
off awitch te atlU beteg h^ In the 'Fire* poaition and that the power aecurity relay (03) 
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is •nergUedf causes the tase seearllsr relay to be de-energised^ and tlie fire relay (M) in 
the Tehlele's powerfilant Junction box to be aetuated and mechanically retained in its 
'latched* position, ms energises the hydraulic peroxide valve's pilot valve (4ft) and 
pneumatic peroxide valve's pilot valve (43) to the open position. Hie opening al the pneu- 
matic peroxide valve (44) by control gas pressure is relatively rapid, whereas the opening 
d the l^draulic peroxide valve (46) is delayed by means of a hydraulic control orifice. 
Since the two peroxide valves are in series, the hydraulic valve actually controls the flow 
of peroxide from the pressurised main peroxide tank into the peroxide decomposer (47) 
where it is eatalytically decomposed into water vapor and oiygen at high temperature. 
This high-energy gas flows into the driving turbine ol the rocket engine's turbopomp 
assenibly (48) causing it to accelerate to operating speed. During this acceleration, 
(a) the oxidiser puoap causes the oxidlMr valve (49) to be opened by the increasing oxidiser 
pressure and the oxidiser punip outlet pressure switch (51) to be opened, (b) the fuel pump 
causes the ftiel valve (50) to be opmied 1^ the increasing fuel pressure and the fuel pump 
outlet pressure switch (52) to be opened, and (c) the hydraulic punq> (30), which is mechani- 
cally coupled to the turbopump, is accelerated to operating q>eed. With fu^ being supplied 
by the fuel tank (30), raised to a high pressure in the fuel pump, and admitted to the thrust 
chamber (53) by the fuel valve; and with oxidiser being supplied by the oxidiser tank, 
raised to a high pressure in the oxidiser pump, and admitted to the thrust diamber through 
the oxidiser valve; and provided the igniter is stJl burning in the thrust chaniber; com- 
bustion begins and thrust increases until the operating chaoaber pressure is attained. 



Lift-off 

When the developed thrust exceeds the vehicle weisht plus disconnecting forces, the 
vehicle lifts off the Isunching stand. Lift-off causes (a) the power and control circuits' 
tail disconnect plug (015) to become dieconnected. (b) the instrumsntation circuits' tail 
disconnect ping (016) to become disconnected, (c) the OLII Itft-oCf switch (5) to be opened, 
(d) the NRL lift-ott switch (6) to be doeed, and (e) the ground hydraulic disconnect (017) 
to be dosed. Disconnecting the power and control circuits' tail ping removes the ground 
gyro-nulling amplifier sigMls from the vertical ^itch and yaw) and thd roll gyro torguers, 
thereby Ireetag the gyros for flight reference, b opening, the *OLlb!' Uft-off switch csuses 
the taxe-off relay (sTin the main controls can to be de-energised (openX In becoming 
de-energised the take-df relay causes the OLM timer (8) to start operatii« sad the roU 
Jet system to become armed. In closing, the HRL lift-off switch causes the NRL timer 
(7) to start operating. 



Vertical Plight 

Tor the first ten seconds of flight the vehicle is nmiotained in a fixed vertical attitude, 
b pitch and yaw, this is achieved throui^ operaticn of the control system loops consisting 
of a vertical gyro (65, IB), autopilot amplifiers (66, 19\ transfer valves (67, 80), hydraulic 
actuators (68, 8lX and the kimbaled thrust chaariber (70, 83X In roll, the loop consists of 
the roll gyro {91\ autopilot amplifier (02), and solenokl valve and fin-naounted Jet pairs 
(108-105, 107-llOX In additkm, the aerodr»uaic control system controls the hydraul- 
icallyaelBatedtite(06, 10e)ontwoolthefins; theee tabe, however, are not fuUy effective 
daring tlM early aad late portloas of powered flight because of the low d|ynamic pressure 
dse to l0W velocity sad km air density respectively. During flieee periods* therefore, the 
roU jemystma la eaeriiaed Id amhUalB CQBStsat roll atUtuds. 



PHehFiogfamlB 

Al IVlOssooads the OLM tiamrlaitlatas a pitch program by eausing the 'down^ com- 
nauid r^y ^9) la Ami forward eoatrol eaa to beeoaw eaergised (closed)^ provided no 
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ni^-palfa-trimmliicfroyiid eominaiida haiw been r«e«iY«d (tbmby merglxing (cloMd) flui 
Up, RigM, or Lrft eoauMnd rtlayf (B8-eo)X Hit Down eonuHnd rtlay, when elMed, pro- 
Tldti a torvOBf wrrmt to tte ptteh ud yaw prtetMloii uls torquira via ttm eotlM and 
alaa raoolm aatpttfter imita (04,62) loeatad In Um fonmrd eonlrola can. Iteaaunlla 
apportion ettrranla to both tha ptteh and yaw torqpiara to produea a gyro precaaaion of 0.25 
d«(/aac In tha trajactory piana, nior« or laaa indapendantly of any tdilcia roll attituda 
error. Ite vahtela la eonatralnad to fly aioi« a path idiieh la procrammad In dia trajectory 
plana at tha gyro praeaaaUm rata. 



RoU JataOir 

At T<f 21 aaconda tha QIM timar da-anarglaaa tha roU Jat ayatam and roU control la 
by fin taba alona until Tf M aaconda. 



Cut-Off Armad 

At Tf 90 aaconda tha NRL timar auppUaa voltaga to tha fuel and oxidlsar puoip outlet 
preaaure awttchea, thua arming the normal cut-off initiation ayatam. 



PUel Venta Cloaed 

At TfOO aaconda the QIM timer energisea the fuel tank vent r^y (23) to the -unlatched* 
poaitlon where tt la mechanically retahiad. Thia appliaa power to the electrically operated 
fuel tank vent valvea (28, 29) which than cloae. 



Pitch Program Terminated 

At Tf 99 aaconda the OUi timer de-energiaea (open) Uw Down command relay, 
removing the vertical gyro torquar excitation and thereby atopping the pitch program. 
Attitude control in all three a»a ia than relnatatad by the fixed reference thua 
eatabUahed. 



RoUJataOn 

At T^90 aaconda the OLIi timer energisea the roU Jet circulta, canning the roU Jeta 
to maintain the roll attttuda hi the region of dimtolahing dynamic preaaure and reaultant 
tMb iaeffectiveneaa. Hie QLli timer atopa after conducting thia final function. 



Cut-Olf 

Ixhanation of Ami or oxidlaer ia expected to take place at approximately 105 eeconda 
and will be aenaad by the cloaing of tha approprlata pump oattet preaaure awitch. The 
cloata« of either of ttieaa two awltehea once In the annad comlitlon (Tf 30 eeconda) will 
energlae (eloaad) the propulakm cnt-oCf relay (27) which la alactrlcally aelf -holding, and 
enarglaa the preaauHabig relay and tha fire relay to their « ttnlatchad* poaitkma whe re 
they are marhantrally rttatntif la becoming *«nlatdied,' tiie fire relay cauaea both the 
Igntnuliii and pmaiimatir permriit ralTt e* plint TilTf t tr frt it m rffft ti frlirtttl^ lhaae 
pilot valvaa» In eloalat» aanae tte flow of peroxMe to the peroxide dacompoaar to caaaa , 
raaaltliv to no fttrthar driving fta being admitted to toe turbopump, and conaeQuently in 
tta deealafattan* Tim raaallant rapidly daereaatog fttal and oaddtoer pump outlet praaaurea 
brli« about a daereaaa to the throat dmaabar preaaure and hence to toe thruat. The 
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q^riiif -loadftd fuel and oxidisar valvas dOM wlMn tiui profMllanl pr«Mure Iim bacojM 
mff ielMtly low, cutting off tht propeUaiA flow attoftUMr. Althougb •nergislng power to 
the oxidlMr tuk and peroxide tank vent valvea' pilot valvee, which are maintaininf the 
tank wnte cloaed^ ia no loni^r eupplied by the unlatched preaeurising relay, the energised 
propulsion cut<<)ff relay takes over this function; thus no tank venting occurs upon cut-off. 
However, unlatching the pressurising relay de-energises (closed) the main gas regulator 
ending its regulated gas supply function. Hie oxidiser tank olf-on pressure regulation 
system is also nuuie non-operative. 



Post Cut-Off Attitude Control 

The propulsion cut-olf relay (27) upon being energised (closed) causes the controls 
cut-off relay (4) in the main controls can to be energised (closed)^ thus energising the 
pitch and yaw peroxide Jet system (consisting of four autc^ilot-controlled solenoid valves 
which supply hydrogen peroxide to four smsll rocket motors whose high-velocity gas 
streams produce attitude-corrective thrust), and energizing the roll Jet system if it has 
failed to become energised by the NRL timer at Tf-QO seconds Oi»remature cut-off). 



If initrack Eject 

At T4-120 seconds the NRL timer provides power to the two bellows-contained squibs 
("caterpillars*) of the liinitrack transmitter ejection system, causing them to ignite and 
ejq(MUML Kitfaer squib alons is capable of withdrawing the releasing key, allowing the com- 
pressed spring to extend the carriage and eject the small qihere, with Its *roll-iqp* antennas, 
which contains the Mlntfrack transmitter. 



Separation Armed 

At approximately 7^-122 seconds the NRL timer energizes (closed) the separation 
arnUng relay (113) in the forward controls can, thus prepartaig the vehicle for the sub- 
sequent inversion maneuver and nose-cone separstion. 



Ihverskm Maneuver 

At approxifflately T-fS18 seconds the NRL timer causes the inverston start relay (114) 
to be energised (closed) snd the time delay relay (118) to begin Its delay period provided 
the Inversion stop relay (117) Is ds-eaeri^sed. These oompoosnts are part of ttie vehicle's 
inversion maneuver system locsted In the forward controls can. The inversion start relay 
causes the fast-slow precession relay (55) to be energised (closed) in fast position, result- 
ing in full voltage excitaticm of the vertical gyro pitch precession axis torquer and thus in 
maximum-rate precession gf the vertical gyro about the vehicle's pitch axis. The Jet 
attitude control system then rotates the vehicle in the pitch plane. After a slight anfolar 
dii|>lacement the increasing inversion gyro pitch signal ou^iwt combhied with the vertical 
gyro pitch signal hi a mixing ampUfisr circuit, csuse the sigma relay (115) to be de-energized. 
FbUowing this the time deli^ r^ay readies the and of Its d^ay period and becomes energised, 
permitting the sIgma relay, on becoming re-energised after the vehicle has attained the 
designated pitch orlentatloa Cnomlnally 169.9 degrees from die vertical), to energise (closed) 
the Inverstai stpp reisy. This de-energlses IbvotsIob start and fkst-slow precession 
relays, removing the vertical gyro pitch torquer eMttation and re-establishing the vehicle 
in a constant-attitttde-control state at the desired nose-cone "e-entry angle. 
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Nose-Cone Separation 

At T^463 seconds the NRL timer (provided a separation ground command has not been 
transmitted) causes the blow-off (separation) relay (119) to be energized (closed); this 
energizes the four nose-cone explosive bolts (120-123). When all four bolts have detonated, 
the conopressed spring (124) separates the nose cone (126), breaking the electrical discon- 
nects (125). Hie separated nose cone is thereby oriented for optimum re-entry, i.e., at a 
minimum angle of attack. 
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